Abbreviations: 2-DE: two-dimensional polyacrylamide gel electrophoresis; DgAmy1: α-amylase from Dactylis glomerata L.; dicamba: 3,6-dichloro-o-anisic acid; IEF: isoelectric focusing; LC-MS/MS: liquid chromatography-tandem mass spectrometry; pI: isoelectric point; RACE: rapid amplification of cDNA ends; SH-0: Schenk and Hildebrandt (1972) medium; SH-30: SH medium supplemented with 30 μM dicamba
Introduction
Somatic embryogenesis is one of the most intriguing examples of the remarkable developmental plasticity of plant cells. Somatic embryogenesis is the process during which somatic cells dedifferentiate into cells that are capable of forming an embryo. This is the most important and still poorly understood part of somatic embryogenesis (17, 51) .
The plant cell wall or extracellular matrix (ECM) is a highly dynamic structure involved not only in the protection of cells from biotic and abiotic stresses, but also in plant development and morphogenesis (36) serving as the first mediator in cell-tocell communications. The ECM contains extracellular proteins (ECPs) of three types that can be distinguished on the basis of their interactions with cell wall components: loosely bound cell wall proteins (CWPs), which move freely in the intercellular space, weakly bound and strongly bound proteins resistant to salt extraction. Despite their low abundance (5-10 % in primary cell wall), growing evidence suggests that loosely bound CWPs play important roles in cell wall structure and remodeling, interactions with plasma membrane proteins at the cell surface, in signal transduction and in cellular defense (19) . cell wall proteomics has become an active field of research during the last few years (10, 11, 25) and plant secretomics is a newly emerging area of the plant proteomics field systems [extensive review by Agrawal et al. (1) ].
Somatic embryogenesis in cell suspension cultures provides a good model system for investigating early plant development. As the soluble secreted molecules from the apoplast eventually accumulate in the medium, the growth medium of plant cell cultures could be considered as a large extension of the intercellular space. Hence, growth and development of cultured cells are likely to be reflected in the molecules that are secreted into the culture medium. Indeed, conditioned medium harbors a complex array of molecules, mainly derived from cell walls which play an important role in somatic embryogenesis by their ability to either promote or inhibit embryo development [reviewed by Matthys-Dochon (29) and Ruiz-May et al. (37) ].
The role of these proteins has not been elucidated fully, but some of them, like lipid transfer protein EP2, acidic endochitinase EP3 and arabinogalactan proteins (AGPs), have been shown to play a key role in plant somatic embryogenesis. Expression of lipid transfer protein EP2 is a well-known early marker of somatic embryo induction (42) and embryo differentiation as it is linked to the formation of the protoderm layer in developing somatic embryos (48) . Under-and overexpression of lipid transfer protein (LTP) genes affect sequential developmental stages during somatic embryogenesis by changing the morphology and occurrence frequency of somatic embryos (51) . An extracellular 32 kDa acidic endochitinase can rescue somatic embryogenesis in the mutant carrot cell line ts11 with aberrant protoderm formation and restore normal embryo development (14) . Arabinogalactan proteins (AGPs) have been found in the outer cell wall of embryos and are abundantly secreted into the medium of suspension cultured cells. Although their precise functions are not clear, AGPs definitely affect positively the somatic embryo development (17, 29, 37) . Van Hengel et al. (50) hypothesized that endochitinases could split AGPs and generate small molecules such as oligosaccharides, and these oligosaccharides could act as signal molecules stimulating the development of embryos.
Studies on the presence and role of secreted proteins during somatic embryogenesis in monocots are scarce (6, 45, 46, 47) . The results of Borderies et al. (6) indicate that AGPs and likely pathogenesis-related proteins and glucanases are involved in the development of maize haploid embryos. Extracellular cysteine proteinase OsCP and cystatin OC-I were found to regulate together cell proliferation in rice suspension cultures (47) . Both, an acidic esterase with a putative role in providing a close cell-to-cell contact of different morphological structures during somatic embryogenesis and an endochitinase-like protein secreted only into the medium of Dactylis glomerata L. embryogenic suspension cultures have been proposed as early embryogenic markers (45, 46) . Recently, a monoclonal antibody MAb3G2 against a cell wall protein (EP48) secreted into the medium by the earliest morphological structures (microclusters) during somatic embryogenesis was selected to monitor the expression of embryogenic potential in D. glomerata L. suspension cultures long before any morphological changes have occurred (44) . EP48 was transiently expressed during early embryo development up to the globular stage. A differential labeling was observed -MAb3G2 labeled the cell surface and the region of cell-to-cell adhesion in some microcluster cells, while in proembryogenic masses (PEMs) the cell wall regions without neighbors remained unstained. The protein was found in the medium of embryogenic suspension cultures only at early stages of somatic embryogenesis and was proposed as a useful marker for embryogenic potential in D. glomerata l. suspension cultures.
As an extension of the previous study, the primary objective of this investigation was to identify the EP48 using LC-MS/MS analysis. After its identification as an extracellular α-amylase, next we report the cloning of the full-length cDNA of the α-amylase gene (designated DgAmy1) and its heterologous expression in E. coli. A putative role for the involvement of the extracellular α-amylase in early stages of somatic embryogenesis is discussed.
Materials and Methods

Plant material and suspension cultures
Callus-derived suspension cultures from a highly embryogenic genotype of D. glomerata L. were initiated in liquid SH-30 medium according to Conger et al. (13) and were subcultured every two weeks (45) .
RNA isolation Approximately 1.0 g of microcluster cells from D. glomerata L. embryogenic suspension culture was ground to fine powder in liquid nitrogen with mortar and pestle and the total RNA was extracted using TRIZOL Reagent (Invitrogen) according to the manufacturer's instructions.
Cloning of the full-length cDNA of D. glomerata L. α-amylase Single-stranded cDNAs were synthesized from 1 µg of total RNAs in a reverse transcription reaction with SuperScriptII reverse transcriptase and oligo (dT) 18 primer (Invitrogen). The single-stranded cDNA mixture was used then as a template for PCR amplification of the fragment of DgAmy1. A pair of primers, FwAmy1 and ReAmy1 ( Table 2) were designed by reverse translation of two peptides ("the most likely codons", http://www.bioinformatics.org/sms2/), generated from the MS analysis -KELVEWLN and AVTFVDNH. The PCR product was then cloned into pTZ57R/T vector using InsTAclone™ PCR Cloning Kit (Fermentas) and was used to transform GM2163 E. coli cells. Positive recombinant clones were selected by colony PCR and plasmids were sequenced (4base lab GmbH, Reutlingen, Germany). All PCR reactions utilized the Advantage 2 PCR Enzyme system (Clontech) and were carried out on TC-3000 Thermal Cycler (Techne).
The fragment containing partial α-amylase sequence was subsequently used to design gene-specific primers (GSPs) to obtain the full-length cDNA of α-amylase by the technology rapid amplification of cDNA ends (RACE). RACE was performed using SMARTer TM RACE cDNA amplification kit (Clontech Laboratories) following the manufacturer's instructions. In two consecutive reactions 1 µg of total RNA was converted into 3´-and 5´-RACE Ready cDNA. For the 3´RACE reaction, 3´-RACE-Ready cDNA was amplified in PCR using UPM (Universal Primer A Mix provided by Clontech) and the GSP FwAmy2. Similarly, in the 5´RACE reaction 5´RACE Ready cDNA was amplified using UPM and the second GSP ReAmy2. The resulting 3´-and 5´-RACE PCR products were gel purified using QIAEX II Gel Extraction Kit (Qiagen), cloned into the pTZ57R/T vector (Fermentas) which was used to transform E. coli GM2163 cells. Three PCRpositive clones of each RACE reaction were sequenced.
TABLE 1
Peptide sequence obtained by enzymatic digestion and LC-MS/MS
TABLE 2
Primers of RACE and full-length cDNA amplification By comparing and aligning the 5´RACE and 3´RACE products, the open reading frame (ORF) nucleotide sequence of DgAmy1 was deduced and subsequently cloned using two primers: the forward primer FwAmy3 introduced an Ndei restriction site (in bold) and the reverse primer ReAmy3 added an XhoI (in bold) restriction site immediately upstream of the stop codon. The template used was 5´-RACE-Ready cDNA. The amplified product was purified from the gel, subcloned into pTZ57R/T cloning vector and sequenced. A plasmid DNA containing the correct ORF of the α-amylase gene was purified by QIAprep Spin Miniprep Kit (Qiagen) and then digested with Ndei and XhoI restriction enzymes. The purified insert was cloned into pET-20b(+) expression vector (Novagen) inframe with His-tag sequences located at the C-terminus. The resulting plasmid, termed pET-DgAmy1, was used to transform E. coli DH5α competent cells. Three PCR-positive clones were sequenced to confirm the reading frame of the insert. All primers used in the cloning of the full-length cDNA of DgAmy are listed in Table 2 .
Expression and purification of DgAmy1
To overexpress orchardgrass α-amylase, the expression plasmid pET-DgAmy1 was used to transform competent E. coli BL21(DE3) cells by electroporation. The bacterial cells were cultured in ZYM5052 auto-induction medium (43) containing 100 µg Amp ml -1 at 20 °C for 24 h with shaking at 300 rpm.
Cultures (100 ml in 500 ml flasks) were started by addition of 1 ml of overnight culture in 2xYT and after growth at 37 °C for 3 h were moved to 20 °C. All subsequent steps were conducted at 4 °C unless otherwise specified. Cells were harvested by centrifugation at 5000×g for 10 min and the cell pellet was resuspended in 50 mM sodium phosphate buffer (pH 7.0), 300 mM NaCl and 1 mg·ml -1 lysozyme, incubated on ice for 45 min and disrupted by pulsed sonication at 80 % amplitude and 0.5 s pulse cycle for 10 min (Bandelin SONOPULS mini 20, UK). After centrifugation at 15 000×g for 20 min, the clear lysates were immediately loaded on HisTrap TM HP columns (GE Healthcare) and the expressed protein was purified by affinity chromatography according to the manufacturer's protocol. The protein-containing fractions were pooled, desalted by econo-Pac ® 10DG Columns (BioRad) and concentrated using Vivaspin 2 centrifugal concentrator (Sartorius). Protein purity was checked by 10 % SDS-PAGE. Besides, the purified protein was checked further by anti-His-tag probing of the sample after SDS-PAGE separation and transfer onto a NC membrane using monoclonal anti-His-HRP antibody (Pierce).
Protein preparation
The culture medium from suspension-cultured cells was collected on day 7 after subculturing and cleared by filtration through Miracloth (Calbiochem). Proteins were recovered by ethanol precipitation (45) . The protein concentration was determined using NanoDrop 8000 spectrophotometer (ThermoScientific).
Gel electrophoresis and immunoblotting
Proteins were separated by SDS-PAGE in 10 % or 13 % polyacrylamide gels according to Okadjima et al. (31) using the Hoefer SE260 mini-vertical unit and stained by CBB G-250.
For 2-DE, IEF was performed in 5 % (w/v) polyacrylamide gels containing Pharmalytes in the pH range of 2.5-8 or 4-6.5 (GE Healthcare) using a vertical polyacrylamide minigel system under denaturing conditions in the presence of 8 M urea (35) . After IEF, the lane of interest was excised and then incubated for 15 min in equilibration buffer (6 M urea, 10 mM Tris-HCl pH 8.8, 20 % glycerol, 2 % SDS, 0.002 % Bromphenol blue) with DTT 1 % (w/v), and for another 15 min in equilibration buffer with iodoacetamide 2.5 % (w/v). The gel slice was transferred into vertical SDS-PAGE gel. Proteins were visualized with 0.1 % colloidal CBB G-250. As molecular mass standards, Precision Plus Protein TM Dual color Standards (BioRad) were used.
Upon 2-DE separation, proteins were transferred to PVDF membrane for 1 h using a semi-dry apparatus (Hoefer, SemiPhor). The membrane was immunostained with monoclonal antibody MAb 3G2 essentially as previously described (44) .
Amylase zymography
Alpha-amylases were detected by the method of Doyle et al. (15) with slight modifications. After separation of the proteins in 10 % SDS polyacrylamide gel containing 0.1 % soluble starch as a substrate, the gel was renatured by incubation in 2 % Triton X-100 and then placed in activity buffer (0.1 M Tris-HCl pH 7.6, 2 mM CaCl 2 ) for 2 h. Finally, the gel was rinsed with distilled water and treated with a solution of 1.3 % i 2 /3 % KI. Zones of α-amylase activity appeared as light bands against a dark background.
In-gel trypsin digestion and LC-tandem MS analysis
Protein spots from CBB-stained gels were excised and gel pieces were subjected to in-gel trypsin digestion (23) . Extracted peptides were subjected to reversed-phase capillary LC-MS with a linear acetonitrile gradient (2 % to 70 %, 45 min) in 50 mM acetic acid (aqueous), in a 50 µm i.d. capillary column, eluting directly into a ThermoFinnigan LTQ linear ion trap mass spectrometer (San Jose, CA). The instrument was operated in the data-dependent mode in which one mass spectrum and eight collision induced dissociation (CID) spectra were acquired per cycle. The tandem MS data was searched using Mascot (Matrix Science, LTD) to find protein matches in the MSDB_20050227.fasta database (32) with manual inspection of database matches for validation. All proteins were identified based on at least two different peptide matches with scores exceeding the threshold value for 95 % confidence, and all peptide matching MS/MS scans were manually inspected for validation, and conformed well to expected mass assignment error bias.
Molecular modeling of DgAmy1 structure
The closest match in the Protein Data Bank (PDB ID: 1avaB, barley alpha amylase isozyme AMY2) (49) has 88.31 % sequence identity to DgAmy1. This was the top template selected by SWISS-MODEL (http://swissmodel.expasy. org/) (2) in the course of molecular modeling.
Bioinformatics analysis
Comparative and bioinformatics analysis of DgAmy1 were performed with programs available online. The cDNA nucleotide sequence was translated into protein and the deduced amino acid sequence was analyzed by the ExPaSy Swiss Prot Web Server (http://web.expasy.org/). Homology and identity analysis were carried out using BLAST through the NCBI server. The multiple sequence alignment was performed with the ClustalW program.
Results and Discussion
Identification of EP48 by LC-MS/MS
In a previous study, an extracellular protein EP48 was found to be a useful early marker for embryogenic potential in D. glomerata L. suspension cultures (44) . To identify the EP48, extracellular proteins secreted by microclusters into the medium of D. glomerata L. embryogenic suspension culture were separated using 2-DE and stained with Colloidal CBB G-250 (Fig. 1) . The spot, corresponding to the EP48 was excised, in-gel digested with trypsin and subjected to LCtandem MS analysis. The resulting peptides obtained from LC-MS/MS are presented in Table 1 . The identified peptides showed 41 % sequence coverage with barley α-amylase isozyme AMY2 (PDB ID: 1avaB). Thus, EP48 was identified as a putative α-amylase and we proceeded further with its cloning and heterologous expression. Cloning and characterization of the full-length cDNA of DgAmy1 Rapid amplification of cDNA ends (RACE) was used to clone the full-length cDNA of DgAmy1. A pair of primers (FwAmy1 and ReAmy1) ( Table 2 ) was designed by back translation of two peptides obtained from the LC-MS/MS analysis and a PCR product of 393 bp was amplified, using reverse transcribed cDNA from microclusters of D. glomerata L. embryogenic suspension culture as the template, and sequenced. The BLASTn analysis confirmed a nucleotide sequence similar to the sequences of α-amylases from other plant species. Based on this sequence, two gene specific primers were designed and used in the 3'-and 5'-RACE reactions. By comparing and aligning the sequences of the 3'-RACE PCR product (682 bp) and the 5'-RACE product (628 bp), another pair of gene specific primers was designed and used to amplify the full-length cDNA sequence of the α-amylase gene (Fig. 2) . The complete cDNA sequence is 1538 bp. It contains a 61 bp 5´ untranslated region (UTR), a 1284 bp open reading frame (ORF) and a 192 bp 3´-UTR, which includes a poly (A) tail of 22 nucleotides. A putative polyadenylation signal (AATAAA) is located 13 nucleotides up-stream of the poly (A) tail. All peptides identified by LC-MS/MS perfectly matched the deduced amino acid sequence covering 43 % of the full sequence, thus confirming that the isolated cDNA encoded DgAmy1. The cDNA was submitted to GenBank with the accession number GU187336.1.
The ORF of DgAmy1 encodes a protein of 427 amino acids with a calculated molecular mass of 44.421 kDa and pI 5.12. The theoretical molecular mass differed from the one experimentally determined after separation on SDS-PAGE, 48 kDa (44) and post-translational modifications in the native protein (glycosylation and /phosphorylation) as predicted (see later) most probably attributed to this difference. According to InterProScan (http://www.ebi.ac.uk/InterProScan/), the protein domain identifier, DgAmy1 is a plant α-amylase (EC 3.2.1.1) and belongs to the glycoside hydrolase family 13 (Gh13). Homology search using ClustalW showed that the DgAmy1 sequence exhibits homology to α-amylases from Hordeum vulgare (89 %), Eleusine coracana (86 %), Zea mays (84 %), Oryza sativa (82 %), Phaseolus vulgaris (63 %), and Arabidopsis thaliana (59 %). Four conserved sequence regions (I, II, III, IV) which are characteristic of the glycoside hydrolase family GH13 family are very well conserved in DgAmy1 as ADIVINH, AWRLDFAK, AVAEIWTS and FVDNHD for I, II, III and IV regions, respectively (boxed in Fig. 4) . These regions are thought to be related to maintenance of structure and the variations within these regions might determine certain enzyme specificities (28) . The typical conserved region II often has an important Lys-His dipeptide beginning three residues after the catalytic nucleophile. In fact, a (Lys or Arg)-(His or Gly) dipeptide at this position in a sequence is characteristic of family 13 enzymes able to act on α-1,4 glycosidic links only (28) . DgAmy1 contains the dipeptide Lys-Gly at this position. Janeček et al. (21) observed that a Gly replacing the His at the end of region II is a general feature of archaeal as well as plant α-amylases. It is well established that calcium ion is required for the structural integrity, thermal stability as well as the enzymatic activity of α-amylases. The calcium binding site is located between the C-terminus of the central β-barrel and domain B and serves as a link between the two domains. The residues predicted for making up the calcium binding site in DgAmy1 (N   115 , D
172
, G 207 ) are strictly conserved in α-amylases from other cereals. All sequences that are known to bind the α-amylase inhibitor acarbose (41) match in DgAmy1, too (Fig. 4) . Based on the 3D model illustrated as a ribbon diagram in Fig. 5 the structure of DgAmy1 is similar to the other known plant α-amylases. They all share a common fold structure comprising of three domains: a central domain (domain A) forming a (β/α) 8 barrel with a protruding irregular structured loop domain (domain B) and a C-terminal domain forming a five-stranded antiparallel β-sheet. The motif of eight β strand/loop α-helix units (domain A) is common to many α-glucan hydrolases (22) . Some polysaccharide processing enzymes have secondary carbohydrate binding sites located at a certain distance from the active site. In barley α-amylase 1 (AMY1), two such sites, SBS1 and SBS2, are found (39). SBS1, called also "the starch granule binding surface site", is a carbohydrate platform formed primarily by Trp 278 and neighboring Trp 279 and is found on the catalytic (β/α) 8 barrel. SBS1 is particularly important for adsorption onto granular starch. The other site SBS2 present in AMY1, called "a pair of sugar tongs" is located in the noncatalytic domain C and is composed of Tyr
380
. Both sites act synergistically in degradation of starch granules and mutations at SBS1 and SBS2 greatly impair the affinity of AMY1 for barley starch granules (30) . With regard to SBS1, structural comparative data suggested that Trp 278 and Trp 279 are conserved in all reported cereal α-amylases and that Tyr 380 is unique for plant α-amylases. It is interesting to note that none of the indicated amino acids is conserved in DgAmy1. A valine in DgAmy1 matches AMY1 Tyr 380 and proline and glycine match AMY1 Trp 278 and Trp 279 (Fig. 4) . This might be indicative of a different substrate specificity in DgAmy1 distinguishing the enzyme from other cereal α-amylases or reduced affinity and even inability to bind starch granules.
Heterologous expression and purification of DgAmy1
The mature form of DgAmy1 (with no putative signal peptide Met 1 -Gly 24 ) was cloned into NdeI-XhoI restriction sites of the pET 20b(+) expression vector in-frame with His 6 -tag sequences located at the C-terminus to construct the recombinant plasmid pET-DgAmy1. Competent E. coli BL21(DE3) cells were transformed with the recombinant plasmid using electroporation and screened on LB/agar plates containing 100 μg Amp ml -1 . The insertions were confirmed by PCR analysis. The recombinant His 6 -DgAmy1 (rDgAmy1) was produced by auto-induction system at 20 °C (43). After induction, cells were sonicated, centrifuged and analyzed by SDS-PAGE. Most of the recombinant protein was found in the soluble fraction and thus could be purified in native conditions (Fig. 6A, lane 1) . The lower inducing temperature might promote the proper folding of rDgAmy1 thus significantly improving its soluble expression at 20 °C compared to 25 °C, 30 °C and 37 °C (data not shown).
Purification of the recombinant α-amylase was facilitated by the presence of six histidine residues at the C-terminal region of the enzyme, allowing its purification in one step using a Ni 2+ Sepharose (HisTrap HP column, GE Healthcare). The recombinant protein was completely captured by the bead matrix, as no rDgAmy1 was detected in the flow through (Fig. 6A, lane 2) . The recombinant protein was optimally eluted in 500 mM imidazole and this system was quite efficient since SDS-PAGE analysis revealed the presence of a single band of rDgAmy1 in the collected fraction (Fig. 6A, lane 4) . the apparent molecular mass of rDgAmy1 was found to be 46 kDa, which clearly indicates that the protein was not processed or degraded in the cytosol of E. coli. Immunodetection with antiHis antibody further ascertained the integrity and identity of rDgAmy1 (Fig. 6A, lane 5 ). An in-gel activity assay showed that the recombinant DgAmy1 was expressed as an active enzyme, acting on soluble starch as a substrate (Fig. 6B) . This result suggests that lack of posttranslational modifications (in particular glycosylation, as predicted for DgAmy1) is not necessary either for the enzymatic function of DgAmy1, or for the stability of the protein and its insensitivity towards protease attack from the cytosol of E. coli. In agreement with this result, the carbohydrate moiety was not essential for the catalytic activity and stability of extracellular amylases secreted by fungi (16) . The homogeneity of the purified α-amylase was additionally confirmed by 2-DE that revealed a single 46 kDa spot with pI 5.4 (Fig. 6C) . The apparent molecular mass and pI are close to the molecular mass of 44.7 kDa and pI 5.12 calculated for the recombinant DgAmy1 and the presence of a His 6 -tag sequence accounts for this difference. A monoclonal antibody MAb 3G2 specific for EP48 (44) recognized the recombinant α-amylase, too (Fig. 6D) in confirmation to the successful cloning of EP48 identified by LC-MS/MS as α-amylase. (B) Affinity-purified rDgAmy1 was separated on a 10 % SDS-PAGE containing soluble starch as a substrate and, after renaturation, was stained for activity with an acidic iodine solution. (C, D) 2-DE analysis of purified recombinant DgAmy1. The protein was subjected to IEF in a vertical minigel system using Pharmalyte in the pH range 4-6.5, and 13 % SDS-PAGE in the second dimension. The purified DgAmy1 was detected by CBB-R250 staining (C) or it was transferred on a PVDF membrane and immunostained with a monoclonal antibody MAb 3G2 (D). The recombinant DgAmy1 is a 46 kDa protein.
In high-density cultures grown on auto-induction medium, the typical yield of recombinant protein was about 200 mg from 1 L culture medium after Ni 2+ Sepharose purification. Our results showed that auto-induction, combined with high expression level pET vector and optimized induction time at low temperature could improve substantially the yield of the target protein. This greatly facilitates further structural studies and structure/function relationships as well.
The identification of EP48 as α-amylase raised the question about the role of this extracellular α-amylase in the early stages of D. glomerata L. somatic embryogenesis. Alpha-amylases (EC 3.2.1.1) of hydrolase family 13 (GH13) hydrolyze internal α-(1,4) glycosidic bonds in starch and related carbohydrates (7) . Three α-amylase gene families have been found in representatives of monocotyledons, dicotyledons and gymnosperms and the enzymes are predicted to be directed to different cellular compartments: apoplast and other extracellular compartments (family one), cytosol (family two) and plastid (family three) (40) . Family one α-amylases are characterized by having a predicted secretory signal peptide and all cereal grain α-amylases belong to it (41) . Secretion of these enzymes synthesized in the scutellar epithelial tissue and the aleurone layer into the endosperm of germinating seeds to hydrolyze the storage starch is well established. Little is known, however, about the function of α-amylases from this family in other tissues and other plants. Beers and Duke (4) identified that the majority of α-amylase activity resides in the apoplast of pea stems. The secreted pea α-amylase is induced by a variety of stresses including senescence, prolonged darkness and heat (12) . In tobacco, an apoplastic α-amylase activity is enhanced by virus infection (18) . The expression of an apoplastic α-amylase AtAMY1 from Arabidopsis is induced by heat stress, during senescence and after infection by avirulent P. syringae pv. tomato (avrRpm1) (15) . The strong induction of apoplastic α-amylases after biotic and abiotic stress suggests a role in the defense reactions. The enzymes might mobilize starch from the dead cells, perhaps inhibiting pathogens by eliminating starch as a nutrient source or by signaling neihbouring cells which develop the defense reactions.
in Dactylis, both embryogenic and non-embryogenic suspension cultures derived from the same genotype develop under the same stress conditions and the presence of apoplastic α-amylase only in embryogenic microclusters precludes its function in stress response.
In plant suspension cultures, the cells lack mature plastids and are incapable of photosynthesis. The cells are therefore dependent on the sucrose in the growth medium as their sole source of carbon. In rice suspension cultures, the expression of α-amylase genes is regulated by the level of sucrose in the medium. Under normal growth conditions with an adequate supply of sugars in the medium, the expression of α-amylase genes is subject to metabolite repression. When cells enter stationary phase, the depletion of sugars in the medium induces the expression of α-amylase genes (9) .
However, this is not the case with DgAmy1. Orchardgrass apoplastic α-amylase known previously as EP48 (44) appears at day 6 after subculture when growth of the suspension culture is in early exponential phase and the level of sucrose in the medium is still relatively high. The level of sucrose gradually diminishes as cells develop and is completely depleted from the medium as cells enter stationary phase at day 14 after subculture. Senescence in D. glomerata L. suspension cultures is observed at day 17-20 after subculture [(34) and unpublished results]. Thus, it seems that the expression of DgAmy1 may not be linked to carbohydrate metabolism, as is the expression of apoplastic α-amylases in cultured rice cells (9) . Intriguingly, the α-amylases secreted into the endosperm and those secreted into the apoplast after biotic or abiotic stress all act by degrading starch in dead cells. There is mounting evidence that a different mechanism operates in the living cells of plant tissues, which synthesize and degrade plastidic starch using pathways that do not involve α-amylases (5, 26) . However, in cultured rice suspension cells an α-amylase (αAmy3) exhibited dual localization to cell walls and starch granules within amyloplasts (8, 9) and the authors provided the first evidence for the transport of plant proteins into plastids via signal peptide (SP)-dependent pathway. Another rice α-amylase (αAmy7, AmyI-1) was located in chloroplasts of rice leaves and amyloplasts of rice callus cells and was involved in the degradation of plastidial starch (3, 24) . It contained a plastid targeting signal (Trp 301 -Gln
369
) embedded in the protein structure of the enzyme. Orchardgrass α-amylase is found both in the medium and the cell wall of embryogenic microclusters (44 . Taken together, these differences between the structure of αAmy3, AmyI-1 and DgAmy1 make unlikely the localization of DgAmy1 in the amyloplasts of microcluster cells and hence its participation in starch degradation.
Studies of somatic embryogenesis show that asymmetric cell division and controlled cell expansion are important mechanisms for the generation of embryogenic plant cells indicating a major role for the plant cell wall in these processes (17) . DgAmy1 is transiently expressed during somatic embryogenesis. It is found in the cell wall and the medium of single cells and dividing microclusters during their developmental transition to proembryogenic masses and is not detected in differentiating embryos. In dividing cells it is located predominantly at the region of cell-to-cell adhesion (44) . Based on this data, it seems more likely that the secreted DgAmy1 may act on some unknown carbohydrate in the cell wall liberating signals necessary for the development of microclusters into PEMs or it may locally modify the cell wall and thus ensure close cell-to-cell contact between the developing embryogenic structures. These possibilities need to be examined in the future.
Conclusions
In conclusion, a 48 kDa protein found in the cell wall and the medium of D. glomerata L. embryogenic suspension cultures with the potential of an early embryogenic marker (44) was identified as α-amylase and designated DgAmy1. The full-length cDNA encoding DgAmy1 was cloned and the recombinant protein was expressed in E. coli. DgAmy1 is similar to other apoplastic α-amylases from mono-and dicots. However, it lacks the substrate binding sites 1 and 2 which are typical for cereal α-amylases and which determine their high affinity binding to starch granules, pointing to a different substrate specificity of DgAmy1. Work is in progress to identify the substrate that DgAmy1 targets in the plant cell wall and hence, its role in the early stages of somatic embryogenesis.
